Introduction: Place of death is considered a quality indicator of end-of-life care and enabling people to die were they choose is an important aspiration of palliative care. This study aims to examine the association between involvement of palliative care services and place of death. Methods: Data about patient characteristics, use of general health care, and involvement of palliative care services in nonsudden or expected deaths in all health care settings in 2005-2006 (N ¼ 1690) were collected by a surveillance network of general practitioners (GPs) in Belgium. Bivariate and multivariate associations between involvement of palliative care services and dying at home, in hospital, in a care home, or in a palliative care unit were examined using w 2 tests and Wald tests. Results: Palliative care services were involved in 21.8% of deaths of those living at home, in 29.1% of those living in care homes, and in 12.4% of deaths in hospital. People were more likely to die in their usual residence rather than in hospital if multidisciplinary palliative home care teams (odds ratio [OR]: 8.4, confidence interval [CI]: 4.7-15.1) or the palliative care reference persons of their care home (OR: 9.4, CI: 3.3-26.7) were involved. Involvement of multidisciplinary palliative support teams in hospitals was associated with lower chances of dying at home (OR: 0.3, CI: 0.1-0.9). High involvement of GPs was not directly associated with out-of-hospital death. Discussion: Involving multidisciplinary palliative home care teams and palliative care reference persons in care homes could support people in dying out-of-hospital. Health care policy-makers should consider strategies to improve involvement of palliative care services in all health care settings.
Introduction
E nabling people to die where they prefer is an important aim of palliative care [1] [2] [3] and place of death is considered an indicator of quality of end-of-life care. 4 There is strong evidence that many terminally ill people do not die where they would choose to. 5 Most people prefer to die at home because of the psychological comfort, the presence of relatives and the feeling of control, 6 although in cases of inaccurate pain control or a high burden of care on the family, many may prefer to die in an institution. [6] [7] [8] [9] In 2006, 57.7% of the terminally ill in Belgium preferred to die at home, 30.9% in a care home, 4.7% in hospital, and 6.6% in a palliative care unit. 8 Where someone dies depends on factors related to their medical condition, their sociodemographic characteristics, their personal preferences, their health care use, and their environment, including the social support and health care resources available. [10] [11] [12] [13] [14] [15] [16] The association between involvement of palliative care services and place of death has not been investigated extensively before. The findings of the studies that do exist are equivocal, probably due to the heterogeneity of palliative care services, study populations, settings, and designs. [17] [18] [19] [20] [21] [22] [23] [24] [25] Moreover, few studies have evaluated the relationship between involvement of palliative care services and place of death considering primary health care use, and none have evaluated the impact of a complete palliative care model, including all palliative care services for all patients in all health care settings, on place of death in a particular country.
Palliative care services in Belgium have been developing since 1985, and the 2002 law on palliative care provides for access to palliative care at the end of life. 26 The objectives of palliative care policy are to integrate palliative care into general health care (the care usually provided by professional caregivers in different health care settings), primary care in particular, rather than to replace that with care delivered by palliative care specialists, and to support out-of-hospital death. 2, 3 Therefore, palliative care services have been set up to offer consultation and support for, and in principle only exceptionally to take over from, primary caregivers (i.e., general practioners [GPs] and home care nurses at home and GPs and care home nurses in care homes) in caring for the dying at home (known as multidisciplinary palliative home care teams) or in care homes (palliative care reference persons) and from medical and nursing staff in hospitals (multidisciplinary palliative support teams). In addition, small-scale inpatient palliative care units in or near hospitals were established that can be considered as a health care setting and thus as another possible location of death. 2 The aim of this study is to examine, using nationwide retrospective data, the association between involvement of palliative care services in all health care settings and place of death, taking into account the personal characteristics of the deceased, environmental factors and general health care use. The research questions are: (1) what factors, related to personal characteristics, the environment, and general health care use, are related to place of death in Belgium and (2) is involvement of palliative care services associated with place of death?
Methods
We used retrospective data from a nationwide mortality follow-back study about palliative care services involvement and general health care use delivered in the last 3 months of life to people who died in 2005 or 2006. Data were collected within the SENTI-MELC study by the sentinel network of general practitioners, an epidemiologic surveillance network representative of all Belgian GPs, established in 1979 and covering 1.75% of the Belgian population. A sentinel network of GPs is a network of community-based physicians who monitor health problems on a continuing basis. [27] [28] [29] All GPs were asked to report weekly, on a standardized registration form, every patient in their practice who had died during that week. The study population consists of people aged 1 year or older who were part of the GP practice and who had died nonsuddenly or expectedly as judged by the GP, i.e., those who can be considered potentially eligible for palliative care 30 (N ¼ 1690).
The dependent variable is place of death recoded into four categories: home, care home, hospital, and inpatient palliative care unit. The independent variables can be classified as personal, environmental, and health care use factors. [10] [11] [12] [13] The personal consist of the underlying cause of death, age, gender, educational attainment, and financial situation and the preference for place of death as communicated to the GP. The environmental factors include social support (living situation, involvement of informal care), health care resources (available hospital and care home beds), and the urbanization level of the place of residence. The health care use factors include the treatment goal and the use of general health care in the last 3 months of life, i.e., the level of GP and home care involvement, the number of hospital admissions (median length of stay of one hospital admission: 18 days; interquartile range: 9-31 days 31 ), and the involvement of palliative care services, multidisciplinary palliative home care teams for those living at home, palliative care reference persons for those residing in care homes, and multidisciplinary palliative support teams for those living at home or in a care home admitted to hospital.
Bivariate associations between personal factors, environmental factors, the involvement of general health care and palliative care services and place of death were examined using cross tabulation and Pearson's w 2 tests. Multivariate analyses using binomial logistic regression were performed separately for two subpopulations with respect to living situation, those living at home and those living in care homes, because they differ significantly regarding age, gender, and cause of death, and the palliative care services that are available to them are not the same. For both subpopulations, we examined the association of involvement of palliative care services available to them with place of death, taking in account personal, environmental and health care use factors.
For those living at home we examined the association of involvement of a multidisciplinary palliative home care team with home death, and the association of involvement of a multidisciplinary palliative home care team or a hospital palliative support team with death in an inpatient palliative care unit. For those residing at home and admitted to hospital at least once in the final 3 months, we examined the association with home death of the involvement of a palliative home care team or a hospital palliative support team.
For people residing in care homes, we examined the association of involvement of palliative care reference persons with death in their place of residence.
Because we were interested in the association of the level of GP involvement with place of death taking into account palliative care services involvement, we built up a regression model progressively to examine whether the expected association between high GP involvement and out-of-hospital death was adjusted when accounting for the involvement of palliative care services.
Significance was set at p < 0.05. In multivariate analysis we used a stepwise forward likelihood ratio procedure to select model variables. Nagelkerke's R 2 was used to evaluate model fit and tolerance and the variance inflation factor (VIF) to examine multicollinearity. SPSS 17.0 (SPSS Inc., Chicago, IL) was used for statistical computations.
Results
Death at home occurred more often in those who died from cancer, were under 65, male, had expressed a wish to die at home, lived in a multiperson household, received informal care often, and lived in a health care region with lower hospital bed availability (Table 1) . Those who died from cardiovascular diseases, were under 85, male, did not express a preferred place of death, lived alone with little or no informal care and in regions with higher hospital bed availability more often died in hospital. Death in a care home occurred more often in those suffering from neurodegenerative diseases, being 85 or older, female, had lower educational attainment and lived in regions with higher care home bed availability. Death in a palliative care unit occurred more often in cases of cancer, in those under 65, having expressed a wish to die in hospital or a palliative care unit, lived alone, received informal care often and lived in a highly urbanized place. Dying at home occurred more often in people whose treatment goal was comfort or palliation, whose GP was often involved in care during the last three months, who had professional home care often, and were not admitted to hospital in the final 3 months (Table 2) . Dying in a hospital occurred more often in those whose treatment goal was cure or lifeprolonging and without GP or professional home care involvement. Death in a care home occurred more often if the treatment goal was comfort or palliation, if the GP was involved often and for those not admitted to hospital. Dying in a palliative care unit was associated with treatment aimed at comfort or palliation and with no or infrequent GP involvement.
Palliative care services were used by a minority (Table 3) . Multidisciplinary palliative home care teams were involved in CI:1.4-3.5). We found no association between involvement of a palliative support team of a hospital and death in an inpatient palliative care unit. People living in a care home were more likely to die there rather than in hospital if the palliative care reference persons were involved (OR: 9.4, 95% CI: 3.3-26.7), if they preferred to die in the care home (OR: 10.4, 95% CI: 4.4-24.9), if they had cancer (OR: 2.5, 95% CI: 1.1-5.9), or if they were female (OR: 1.8, 95% CI: 1.0-3.0; Table 5 ).
The unadjusted bivariate association found between frequent GP involvement and home death (OR: 3.4, 95% CI: 2.5-4.8) or care home death (OR: 2.6, 95% CI: 1.6-4.4), was adjusted completely when accounting for palliative care services involvement and the existence of a preference to die in the place of residence in case of care home residents, and significantly (from OR: 3.4, 95% CI: 2.5-4.8 to OR: 1.6, 95% CI: 1.0-2.6) in people living at home (not shown in table).
Discussion
Although involved with only a minority of terminally ill people, palliative care services prove to be a powerful predictor of place of death, along with the existence of a preference for place of death. The involvement of a multidisciplinary palliative home care team is strongly associated with higher chances of dying at home or in an inpatient palliative care unit. Care home residents referred to in-house palliative care reference persons are far more likely to die in their care home. In contrast, the intervention of a hospital multidisciplinary palliative support team does not support out-of-hospital death. Frequent involvement of the GP in the last 3 months of life was not directly associated with out-of-hospital death.
This study is to our knowledge the first to evaluate the whole palliative care services model on a nationwide scale with respect to one important outcome quality indicator. Using the sentinel network of GPs, the association of palliative care services involvement and place of death, taking general health care involvement and personal and environmental factors into account, is examined across all patient groups and care settings. This sentinel network is representative of all GPs in Belgium and has a long tradition in data collection with a stable group of participating GPs. Recall bias remains limited because of the requirement to register deaths weekly. 27 Although most GPs are usually kept informed about the care of their patients during hospital admissions, the involvement of palliative care services in hospitals and their impact on place of death might be underestimated. No information was available on the content of palliative care, the point in the disease course when it was begun and the period during which it was provided. The association of palliative care services involvement and place of death may be partly explained by confounders not included in our analyses, e.g., the preferences or coping skills of informal care givers or the patient's functional status, symptoms and other problems. Certain groups may have systematically had more chance of being referred to palliative care services, as a result of which place of death would not be a consequence of palliative care involvement but rather of particular patient characteristics. However, 
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considering the amplitude of our findings, and the comprehensive set of factors controlled for, 10 our results strongly suggest that palliative care services involvement affects place of death. Randomized prospective research designs would provide more decisive information as to the causal effect of palliative care services on place of death, but such designs would be difficult to implement in palliative care services research and as access to palliative care is a legal right in Belgium they could also be questioned legally and ethically.
Palliative care services at home and in care homes prove to be successful in supporting out-of-hospital death although they were used by only 21.8% and 29.1% of terminally ill people, possibly because of the insufficient capacity of these services, or the reluctance of the terminally ill, their families and professional caregivers to involve them. Where these services were involved, those living at home were 8.4 times more likely to die there and those in a care home 9.4 times more likely, regardless of the level of primary care involvement. The strong association of these palliative care services and place of death can probably be explained by several factors. Their 24 hours per day, 7 days per week availability 18, 25 and their expertise in treatment of pain and symptoms and in dealing with ethical issues can avoid hospitalization, and the comprehensive multidisciplinary support they provide, including emotional support to their clients and caregivers, may be a key element in facilitating home or care home death. 32 The palliative care services we studied were implemented approximately 15 years ago and since then expertise in palliative care has developed rapidly. Treatment of pain and symptoms has become more technically sophisticated, requiring palliative care teams to be involved in treatment and not just in consulting and, since euthanasia became legal in Belgium in 2002, 33 palliative care has also become more ethically complex, leading to an increase in all types of end-of-life decisions and requiring a complex decision-making process. 34 The tendency for palliative care to face more complex challenges, the multidisciplinary nature of palliative care services and their permanent availability could explain the high impact they have on place of death, in contrast with high levels of GP involvement. Although in our final models we found that the level of GP involvement did not alter place of death, in contrast with previous findings, 14, 15 the gradual building-up of our models shows that highly involved GPs can play an intermediate role in supporting out-of-hospital death by exploring their patients' preferences and involving palliative care services in ways which will meet them. By doing so, however, their own influence on place of death is diminished.
In contrast to palliative care services operating where people live, we found that multidisciplinary palliative support teams in hospitals were not successful in supporting home death or death in an inpatient palliative care unit. It may be that people are systematically referred late to palliative support teams in hospitals due to an inadequate palliative care approach, resulting in lack of time to instigate a realistic plan for discharge from hospital. The success of multidisciplinary palliative home care teams in referring people to inpatient palliative units, in contrast with palliative support teams in hospitals, may be explained by the admission policies of palliative care units giving priority to those residing at home over those already in an institution, even a hospital, and because home care teams had been involved earlier in the disease trajectory with more time to plan future care for their clients.
Given the strong relationship we found between palliative care services involvement and place of death in Belgium, which may also apply to other countries with similar availability of palliative care services, health care policy-makers should consider strategies to encourage more intense cooperation between general health care practitioners and palliative care services providers. Integrating palliative care more systematically into the curricula of medical and nursing studies may be a good starting point. Future research should study the possible barriers of timely referral of hospitalized patients to palliative support teams in hospitals so that discharge from hospital to a more appropriate setting for end-oflife care remains feasible. The economic implications of dying in different care settings and the involvement of palliative care services both for patients and the health care system should be studied.
